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During the past decade revolutionary advances of implantable technologies have had major 
impacts in many medical fields, such as cardiology (pacemakers, defibrillators, stents), sensory 
prosthesis (cochlear implant, retinal prosthesis) and treatment of diseases or impairments 
(Parkinson’s diabetes). Today, with the ongoing development of modern technologies, in order to 
reduce the pressure on the already overburdened healthcare system and improve the patient’s 
comfort and care, implantable technologies integrating with wireless functions have been continually 
anticipated as a future tool, because of their potential to replace cable connectivity with biological 
telemetry monitoring to provide contributions to diagnosis, therapy and disease prevention, such 
integrating technologies can also control the functioning of the system and report the patient’s status. 
On the other hand, it is even more attractive because of implants inside the human body providing 
high privacy and personal security to protect a patient’s information such as a patient’s name, stored 
diagnosis and history of treatments and some medical characteristics of allergies and medications. 
Moreover, IMDs can be used particularly for the important institutions of a state to ensure high 
security for all user when they enter the important location. However, human body is not optimal for 
wireless communications, due to its complex structure and high loss. 
In this thesis, we proposed three implantable antenna designs for different requirements. 
According to numerical analysis, each antenna design works very well in desired frequency band 
and shows good antenna performances. The reliability of calculated results was confirmed by the 
measurement with simple human phantom. Moreover, due to tiny antenna size, all of them can be 
injected into human body by use of the biological syringe. 
In Chapter 2, for basic study, in order to investigate the antenna characteristics in whole-body 
voxel human models and simple human phantoms in 0.403, 0.953, and 2.45 GHz bands, we modeled 
a half-wavelength dipole antenna and embedded it into the upper arm of human body and simple 
human arm phantoms, and then compare their performances at these frequencies. As a result, all 
simple human arm phantoms (cylindrical, rectangular, and layered phantoms) are able to represent a 
part of human arm to confirm the reflection coefficient of implantable antenna. Moreover, the 
cylindrical phantom shows approximate performances (reflection coefficient, antenna gain, and 
efficiency) to human body due to the similar structure, however, it still cannot explain the behavior 
of far-field radiation pattern when the antenna in the realistic human body and cylindrical structure is 
difficult to be fabricated in the measurement. In contrast, layered phantom is sufficient to be used to 
confirm the reflection coefficient, and it’s structure is very easy to be fabricated in the measurement. 
In addition, the radiation patterns significant changed especially in human body model to compared 
to that in simple human model. The cause of this, EM waves were attenuated by the presence of 
human body. 
In Chapter 3, characteristics of electric-field distributions and far-field radiation patterns on 
different locations of human body were investigated by using whole-body human model. From the 
result, the far-field radiation performance is attenuated from the presence of human head when 
antenna is embedded in the vicinity of the clavicle. On the other hand, the antenna is embedded in 
the human arm where is at the side of the human body, meaning that the effect of the presence of 
human head on the far-field radiation performance is weak. So, the radiation performance would be 
better. In addition, the hand position and body posture can most probably change the antenna 
performance when the antenna is embedded into human hand.  
In Chapter 4, the present study represents preliminary research on the design of an antenna 
implanted in a human arm in one of UHF bands (0.953 GHz). As a result, the proposed antenna is 
compact and small in size, and shows good performance for in-body wireless communications. The 
reliability of calculated result was confirmed by the measurement with simple human phantom. In 
addition, when the antenna is embedded into human body, the far-field radiation performance 
becomes directional radiation pattern; and moreover, the maximum gain is -22 dBi that fulfills the 
required antenna gain of -35 dBi (Margin > 20 dB), thus the wireless capability of proposed antenna 
is possible in indoor and the communication distance is 5 meter.  
In Chapter 5, in order to improve data rate from in-body to on-body channel, we proposed a 
compact implantable antenna for 2.45 GHz (one of ISM bands). The good impedance matching can 
be achieved by adopting short-circuit stub, even if antenna is embedded into the human body. The 
wireless capability between the proposed antenna and a portable device (CP antenna) was confirmed 
by link budget of received power analysis. Moreover, the measured maximum communication range 
of 195 mm (19.5 cm) is similar to calculated result of 245 mm (24.5 cm), since the difference in 
received power is less than 3 dB. Besides, we have also evaluated wireless capability of proposed 
antenna by using whole-body human model. The calculated result shows that the maximum 
communication range can be reached 365 mm (36.5 cm), because the reflection of EM waves causes 
high antenna gain. According to above content, the proposed antenna is useful for high data rate 
communication between in-body to on-body channel.  
In Chapter 6, an implantable device including antennas, electronic components and an EM 
shielding, with dual-band operation for in-body wireless communications was proposed and 
evaluated by using simple human models and whole-body human models. Calculated results show 
that the proposed antenna can excite two different resonant frequencies by one radiating element and 
fully cover two desired frequencies of 0.92 and 2.45 GHz bands. In addition, the calculated current 
distributions show that the coupling from the antenna radiating element can be effectively reduced 
by the EM shielding. Therefore, antennas and electronic components do not mutually affect each 
other. In addition, when the proposed antenna is inside the human body, good antenna performance 
can also be obtained by optimization of antenna parameter. The radiation is mainly towards outside 
of human body due to the absorption of human body and IFA structure of proposed antenna, and 
antenna gains at 0.92 and 2.45 GHz are -21.7 and -9.3 dBi, respectively. Furthermore, the radiation 
efficiencies can be reached 0.54 and 4.4 %. The tiny size of the proposed implantable device with 
the coating was achieved, namely, 22.5 mm x 3.5 mm x 3.05 mm. Therefore, the proposed 
implantable device is very suitable for in-body wireless communications, because it’s dual-band 
operation allows the implant to switch between dormant and wake-up modes, thus conserving energy 
and extending the lifetime of implant. 
 
 
